A compact CPW-fed planar UWB antenna with dual band-notched property is presented. The dual band rejection is achieved by etching a C-shaped slot on the radiation patch and two L-shaped parasitic strips in the ground plane. The experimental and measured results show that the proposed antenna exhibits an impedance bandwidth over an ultrawideband frequency range from 2.4 to 12.5 GHz with VSWR less than 2, except for two stopbands at 3.3 to 3.75 GHz and 5.07 to 5.83 GHz for filtering the WiMAX and WLAN signals, respectively. It also demonstrates a nearly omnidirectional radiation pattern. The fabricated antenna has a tiny size, only 32 mm × 32 mm × 0.508 mm. The simulated results are compared with the measured performance and show good agreement. The simple structure, compact size, and good characteristics make the proposed antenna an excellent candidate for UWB applications.
Introduction
Recently ultrawideband (UWB) communication systems have gained a great deal of attention due to their high data transmission rates, low consumption, good security, and immunity to multipath fading. Ever since 2002 when the US Federal Communication Commission (FCC) authorized the unlicensed use of UWB in the frequency band from 3.1 to 10.6 GHz [1] , a lot of research efforts have been put into UWB communication systems which led to a great demand of UWB antennas. As one of the promising candidates, CPWfed planar antennas have been investigated and reported in [2] [3] [4] [5] [6] . However, over the allocated frequency band, there are some existing narrow band services which may bring potential interferences to the UWB band, such as the IEEE 802. 16 WiMAX system operating at 3.3-3.7 GHz and the IEEE 802.11a WLAN system operating at 5. 15-5.825 GHz. To eliminate the interfaces antenna filtering technique has become an excellent candidate due to its simplicity, effectiveness, and low cost. Several methods have been proposed to design UWB antennas with band-notched functions, including etching Cshaped, L-shaped, T-shaped, H-shaped, U-shaped, E-shaped, and half-circle slots on the radiation patch or on the ground plane [7] [8] [9] [10] [11] [12] [13] [14] [15] , or by employing T-shaped, L-shaped, and spiral parasitic strips or open circuit stubs to the antennas [16] [17] [18] [19] [20] .
In this paper, a compact novel CPW-fed planar ultrawideband antenna with dual band-notched characteristics is proposed and investigated in detail. Compared with the previous published antenna structures [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] , the height of the proposed antenna is very small, only 0.508 mm, and its overall size is also quite compact, just 32 mm × 32 mm × 0.508 mm. By etching a C-shaped slot on the radiation patch, a single band-notched UWB antenna is first designed. Moreover, by adding another two L-shaped parasitic strips on the ground plane, the dual band-notched property is obtained. The simulated and measured VSWR results indicate that the proposed dual band-notched antenna could operate from 2.4 to 12.5 GHz with VSWR less than 2, except for two stopbands at 3.3 to 3.75 GHz and 5.07 to 5.83 GHz for filtering the WiMAX and WLAN signals. The simulated and measured radiation patterns of the proposed antenna are also presented. This paper is organized in the following 4 sections. In Section 2, the design and structure of the antenna are presented. Section 3 presents and analyses the simulated and measured results and further investigates the effect of the antenna's geometry and dimensional parameters. Section 4 concludes the paper.
Antenna Geometry

Single Band-Notched UWB Antenna Design.
Before developing the dual band-notched UWB antennas, we firstly design a 5.5 GHz single band-notched UWB antenna, and its geometry and configuration are shown in Figure 1 . The antenna prototype is fabricated on a Rogers 4350B substrate with a thickness equal to ℎ = 0.508 mm, a relative dielectric constant of = 3.66, and a loss tangent of 0.0037. The antenna is located in -plane with the normal direction along -axis. The dimension of the ground plane is by and the metal cladding is 0.018 mm. It consists of a simple diamond patch connected to a CPW feed line, which excites a rectangular slot with a size 1 by 1 . To ensure the characteristic input impedance is 50 Ω, the length of the coplanar line is set to , the strip width is set to , and the feed aperture is . The feeding gap between the inner stub and the edge of the coplanar line is denoted by , which has a significant impact on the impedance matching.
To obtain the notched band from 5.15 to 5.825 GHz, so that the antenna could avoid the interference with WLAN applications, a C-shaped slot is etched on the patch. The notched frequency generated by the C-shaped slot could be empirically postulated as [10] [11] [12] [13] [14] 
where is the total length of the C-shaped slot, is the relative dielectric constant, and is the speed of light. Besides the slot length, its position and width also have great effects on the band rejection performance and should be tuned carefully. Note that when the C-shaped slot is etched on the radiation patch, there is no other tuning work needed for the primitive antenna structure. The optimized parameters of the antenna geometry are listed in Table 1 .
Dual Band-Notched UWB Antenna Design.
Besides WLAN systems, WiMAX applications operating from 3.3 to 3.7 GHz may bring interference to the UWB system as well. Based on the single band-notched antenna aforementioned, two L-shaped parasitic strips are added on the ground plane, and an extra 3.5 GHz band-notched function is achieved. The geometry of the dual band-notched antenna is shown in Figure 2 . All the dimensions are the same as those shown in Figure 1 , except for adding two extra L-shaped strips. The geometry parameters of the strips on the ground plane are given in Table 2 . A common method to generate dual bandnotched function is to etch two or more slots in the same patch [12] [13] [14] [15] , which may result in the complicated tuning process due to the mutual coupling effects of the slots. For the proposed antenna, the strips and the slot are totally independent for each other; thus the tuning process becomes much more simplified. Figure 3 shows the simulated VSWR result of the single band-notched antenna with different 1 values. As shown in the figure, by increasing 2 from 3.7 mm to 4.7 mm, the notched frequency is shifted from 5.75 to 5.25 GHz.
Experimental Results
For the dual band-notched antenna, the length of the parasitic strip 1.4 mm to 3.4 mm, the second notched frequency is shifted from 4.05 to 3.4 GHz. It could be observed that the tuning of parameter 2 has little affection on the 5.5 GHz notched band. Therefore the two notched bands could be tuned independently and no retuning work is needed for the antenna structure.
VSWR Results.
To verify the design of the proposed antenna, a prototype of the dual band-notched antenna is fabricated and measured. Figure 5 shows the photograph of the fabricated antenna prototype. The antenna VSWR is measured by the Agilent 8719ES 50MHZ-13. presented in Figure 6 . As shown in Figure 6 , the antenna impedance bandwidth extends from 2.4 to 12.5 GHz with VSWR less than 2, except for two stopbands at 3.3 to 3.75 GHz and 5.07 to 5.83 GHz. Thus it covers the whole UWB spectrum defined by FCC, which confirms the proposed antenna's good qualification for the UWB applications. It could be observed that there is a good agreement between the simulated and the measured results. The discrepancy between the simulated and the measured results might stem from SMA connector side effects and fabrication imperfections. the radiation patterns are distorted. The H-plane radiation patterns conserve a clear omnidirectional characteristic at lower frequencies and vary a little at higher frequencies. Figure 9 shows the simulated surface current distributions at 3.5 GHz and 5.5 GHz. The larger current distribution is indicated in red, while the smaller one is in blue. It is observed that the surface current is highly concentrated at the C-shaped slot at 3.5 GHz and at the two L-shaped strips at 5.5 GHz, which means that a large portion of electromagnetic energy has been stored around the slot or the strips rather than being radiated into the air, so that the radiation efficiency decreases at the rejected bands.
Current Distribution.
Radiation Gain.
The simulated gain of the proposed antenna is illustrated in Figure 10 . A stable gain with the average of about 4.0 dBi is obtained throughout the whole UWB operating band except at the two notched band frequencies. As desired, the antenna gain decreases sharply in the vicinity of 3.5 and 5.5 GHz, with the gain values about −1.5 dBi and Figure 9 : Simulated current distribution of the proposed antenna: (a) 3.5 GHz and (b) 5.5 GHz. 
Conclusions
A novel compact CPW-fed planar UWB antenna with dual band-notched property is proposed and investigated. The primitive UWB antenna is fed by a simple diamond patch, with a compact size of 32 mm × 32 mm × 0.508 mm. The proposed antenna impedance bandwidth could cover the full UWB spectrum except for the two notched bands for WiMAX and WLAN applications, respectively. A C-shaped slot is etched on the patch and two parasitic strips are added to the ground plane to achieve 3.5 GHz and 5.5 GHz dual band-notched functions. The ultrawide bandwidth with dual band-notched characteristics, the compact size, and the simple structure of the proposed antenna make it an excellent candidate for UWB applications.
